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(54) ANALOG BUFFER CIRCUIT AND LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To compensate for the 
dispersion in the threshold voltage of a thin film 
transistor and to speedingly charge the capacitance of a 
data bus. 

SOLUTION: An analog buffer circuit 26, which sample- 
and-holds an input voltage and outputs the voltage, has 
an input terminal 20, to which the voltage is supplied, an 
output terminal 21, from which an output voltage is 
outputted, a first transistor T7, in which a source is 
connected to a first power supply, and a capacitor C1, 
whose one end is connected to the gate of the 
transistor T7. During a sampling interval, the terminal 20 
is connected to the other end of the capacitor C1 and a 
drain of the transistor T7 is connected to one end of the 
capacitor C1 to charge the capacitor C1 in accordance 
with the input voltage. During a hold interval, the 
capacitor C1 holds the charged voltage. In an output 
interval, the terminal 21 is fed back to one end of the 
capacitor C1 and the terminal 21 is charged up or 
discharged through the transistor T7. 
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^gg©48j&0-e;fe£>. *Mfi^fi0>ttflK^St 
tt, 3 0 0 0#©7*— 3 0 .hifQ8 0 0:fc©y— 
h/l* 3 1 d^V h U ^^ftiEEtftd ft. Sr-frtX 3 

0 £&y- 3 1 ©SfSttPKtt^-f y J-%=f- 3 2 £ 

^l-t i mm^mm-tzmikiDV 3 3 3 4 # 

#^2 5^:^—^/17.3 0 iCDr^f-lSE 2 K^cUfcJg 

1 ©HM©J^§8©7^-py;ty 77ls]^2 BAtRtt-Sft 
-5. 

[0 0 4 1] TJ-aifAy 7r®8&2 6 te. 5 s — ^ • 
7 hUv'T.iS' 3 5^e.^)S&Sft*jfe3iE<g#C^UT. 
Bfc&'ff-^S I N£f-^/U 3 OlCfe?&^*irJlii#^ 
atr. y— h • ->7bU^X^3 6|j;. y— h/t*3 1 
K3fe*flH»«±^6TKJBC«»U, t-^/U 3 0 K 
*€Ji*ftfe?!fe«®#S I NSrlTK^F^SSf^S-fe^ 

3 3K#j&-r3. ro-t^t:^-^ • ->7hUy^3 

5 © 1 ^3gffiJ'y- h-->7h 1/^7^ 3 6 £ 1 ITT^ 

5 I 

[0 0 4 2] #^JSCf!i©7tDyA7 6 

li, £n r Kt&Bj-T£«i:-5K. f-^/U3 0^iliSl:3i5 

[0 0 4 3] 04 ©^-f 5 >y0&tf 0 5 75S0 7 (DWl 
ftWIW 0 \Z J; 0 #lfe&E©J£&©7 D y 7 7 EPS 2 

6 (DMfttZ-J^Tmjl-fZ. 0 4 (1)13. 

2 5A^e)A*$ft2.^ffi^S I N£5^f. HC-CWM 

t oft>&*Nt 5 arcan *¥jfc*8rafcffi£-r*. 

<9l<f*tS I SEEMtfl OVT&O. «ft©*fl5 

KS&SKSlteSft-a. 
[0 0 4 4] 04 (2) »i. 7k¥HW3ffl^H SYNCS: 
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5*T. TK^FH^ffi^HS YNC*tHl/^;V©ffiK (t 0 
~t2) It l*5F3fe3WI)imoWifijft[*sa%-rt*K:, 1 

K«ST*. *H^©^©7^-P^Vl!y7rIelSS2 6 
[0 0 4 5] 04 (3) _ICwf U-fey ■H1#*R**HU 

^©jara (t i~t 2) tfmjHfldiaraKffiST*. * 

.kDTL-f >>f^fT2, T4;JSSIb. Klfc 'J -fe y b *f 
f$R/l;i?)W y?*f-T3i&iaiilT*. ^ft»w«t 
D3>r>KL C2t3\ SipmffiSV r e f 
T^-ft^ftSjigSft. ^4 1, 4 2©H85^SitftT^5 

m^ftTv^fc^srftm-r^. 3>f>u-ci, 

C2©^m^fetlxT«. 01 (a) TSl/fci5C3 

>^>-y-c i. C2 otnfn©«fp»i4iig|iMi/T 

tin. 

[0 0 4 6] ^ic, WMsiNSfn-fncjta 

i/Vty 7r[UPS2 6©3>7 ; >-9-C 1. C2CD->yj 
>y-T-5. 0 4 (4) tenSl©^— 3 0lC8*>& 

fl-*§s i N£#$atjfc«>©-y->yu >p'me>pmm^r 

<*> 1 £jj*-r. BP^. 7 s — i? • ^7 1^1/^^ 3 5^6^ 
»Sft«iWWfl#4» 1 dlHU-^l-©^^ ( t 3~ t 4) 
fc, ^m-^-S I N©mJEV I N£:n>x>-tf-C 1, C 

2ic-y->xu>yL-. 0fcSRT«k3EB3M t 
^tr^-^/^ 3 o izmijTZo 

[0 0 47] 0 6 tt. U">XU >yj8ffi ( t 3~ t 4 ) 

©g£9§0-e&3. dCDjBMtt, (Mi*4»iKi!J^ 

7f*?Tl, T6*l^ilb, StefiJW«#9> 1/t'J: 
QX'f y^m?-TSi>mmTZ>. A^flffiVIN©^^ 

-y-C 1 ©i&gAyX'J >ytC^OBI^Tlf 6>ft. 
^>> ! 7,^T 1 0 ©y— hSffi^-*3n >-^>-tf C 2 
* y XU >yic:«k D 5l^±tf e-ft. h 5 > S J^T 7 , 
TlOliflU 3>T>ifCl, C2(r{a^Ep4 3. 
4 4T^-rfSiSE* J Silft3fem$ft-5o ftT, 01Ti&gfJ 
UfeSO. 3>f>U-ClllfiiE (VDD-VIN-V 
t h p) K&-5£T-3fem2:ft h7>y^^T7©y- 
hm^4 (VDD-Vthp) \Zt3.2>. m&lZ. n>T r 

>-yc 2temJE (V I N-V t h n) \z/s.^>^^m^ 

ft, H5>^^T 1 0©y-bm&teV t h nfr» 

to o 4 8] B#ra t 4 zmmtzt^^yy-c 1 . c 

2©^mia^7L. t>7>y7?T7, TlOtcm^ 
Sttn^<?5:»3. 3£**«8C**. Ji*. 0 4 (7) . 
(8) IC^-T l~7>^^T7 tT 1 OOHW^ 

mfftt. -y->:/u>yj»M (t 3~ t 4) iry-hsg^f- 

tSiBc^ft^^:*, 7C^<^kbT, tnfnvDD- 
Vthp, V t h n\Zt}2>. 
[0049] 'A\z. n>^>itC 1 , C2(r^>^'J> 
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^Lfcmare^-^/t* 3 o&ftntz. 04 (5) \z 
mtfflwm^® 2&Hw<.)io)Mm ( t 5~ 1 6) ft? 

IS. 0 7fc^T£5Kfliffl«#<I>2K.fc97.'f 

T9, Tl ljWKlb. EtefflfPfl-^^/KJ:?)*^ 

S^**T 8 jBMMW*. 

- [0 0 5 0] WfiacDcfc^^^-^AXTtrnfflP^^ltv h 
7>yX^T7, T 1 0, a>f>tCK C2, 
>yf^T8> T9, Tl 1 ££9ftj5Jtf4BSgAMftte2 
tl-5. £©*§£-. t-^;U3 0O1EVOUT^A* 
mJEV I NtBD?5:e.«h7>v ! ^^T7. T 1 0 ©-7* 

[0 0 5 1] r-^;U3 0©mjEVOUTdlA7J«£E 
^/U 3 0 ©mjEV OU T £Jt#£li-£>9cBI 4 5 ©;£le] 

^ut, Ei-ciaBjufc®o. stems 

. 854 5K<}:9fcti£VOUT7!>i (VDD-V t h p) fr*> 
3>5r>-y-C 1 ©5te«m£E (VDD-V t hp- VI 

n) s§infcmjEv i N*-e±#-rsts h7>-^^ 

T 7 0*«»f^A«ff Jhr*. £©££b5>S>X*T 1 

[0 0 5 2] — r-^/U3 0©ffiBEVOUT*iA 
TJSffiV I NJ;C>t>;t5m<4&?>. b9>^^^T10© 
y- h >7 : >-y-C 2 KiD3£*«l8J: t>±tf 6. 

ft*. <Btz>T* K7>'^^T1 6 £5*— */tX3 0© 
v.®JEVOUT£TI$£-fr-5&l?>4 6 ©^foKSSM^n 
So fit, Ul7JmJEVbUT*iA7JmEV I NSTT 
Bt-5th7>-^^T 1 0©»mS!)^j5^±T^. H 
©t# h5>i?7.^T7 irm^fSMtl^t^ 

[0 0 5 3] ^±IC«kOx-^/^X 3 0©mJBEVOUT 
tt, b7>yx?T7. Tl 0©IKH£mBEV t h p. V 

t hnKS^£n-f> ATJmJEV I Nt^DK&S. 21 
©fc#??BI h7>^^Sffl UT7t D i/Vt «y 7 7 EPS 
2 6 £Bi3S h 7 >^*£ £> t— #:J£j&b>t}&JI*^&S 

fcB7rf -5 b#>t>. Ttemffi© h7>-^^ 

T7, Tl 0^trV-^^ift$nT^'5©-t?. *1I 

[0 0 5 4] t^^T0 3JC^Lfc^l©^M©^S8© 

^;w©$p.s ( t 5~ t 6) lTk^S^Pfl (to- 
ts) ©ji!ll/5OTONirai/MH. Uj^U SJcS* 

jj^*;v©-ir--r x#t<£ < te.* £ f-^/^mflWa 

T-&©T, r : -^^7.^SSr+7>lC7l5m-r^^J6fr, 7 s 
-^y^7temB§W<& ^ Ofi< ^ 

[0055] 0 8 ft. & 2 <Z)&ffi<Z)}gtg<Z>»A&ji*£B 
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felt. »l©3HW©«»©7^n*Wy:7 7 0l&2 6S 
2iH^tr^bfc : b©-C*^. Biig©77-D^Vt^7 
7 EES 2 6 telg 1 ©Hli6©^SI;©^S*^Se t 

• z/7 M^5>A*3 5j8i»6WW«*4> 1 <a)j&J#»S 

nxir >^u >y • f sn. -?-©^m7jffi^vp 

UT 1 $-{a7JT-&<. ^&©7*7-D:7*Ay7 7le]ES2 6« 
ta&©77-0^;l3/ 770ES2 6 t^tC^^n. 7 
• ->7hl^>>7.^3 5^&$gff«#4> 1 (b) *1« 

jf<&snrffi7J^vouT l Srir>^U >^ • ;H* 
b> -€-©^ai7Jfl^-VOUT 2 3 0KHJ7J 

[0056] %2 ©^©^©^HS^SiS 

©^-f 5>;7"0-e&3. WewTT-D^Vvy 7 70SS2. 
6©Sb^-f 5>;7"£ST0 9 (1) ~ (6) ©BfefiHf 
fSIN, zk¥l*WHl*§-H S YNC, iJtyM^R 

(a) . «M44>1 (a) , <P2 (a) . tti7J^#V 

OUT1I1 &iw&ti&<Dmi£<Dm-£tm&T-&z>. 

[0 0 5 7] '&@CV>7-}-oyrt'y7 7\B}&2 6\$. 09 
(7) KSST'J-fey h«#4>R (b) t>iW%Htm& tte 
Z>. iJtyMt$R (b) \3.m®i<D7-1-X2{frty7 7 
|H]gS2 6©fl#a7J^H (t 1 3~t 1 6) ©M¥©W 
(tl3~tl4) CHI/^t&D. 1r>7 , J>:7* 

3 >7>it c i . c 2 £ifc®-r i 

[0 0 5 8] ^C. El 9 (8) C*tWPfl**l 

(b) tHWi<D77-V>frty7 7®&2 6 ©fi# HJ7J 

ma (t i 3~ 1 1 6> ©&¥©»ra ( 1 1 5~ 1 1 

Pi7'/t>>7 7lH]eS2 6©ffl7J«#VOUT l £ir>7'J 

[0 0 5 9] tUT, 0 9 (9) CStiBii^^Z 
(b) i&H l/^JH: LTt-^/U 3 0 

^2©sj6©^t-(4> 7 r -^/N*7.5tem^ra (t 1 6~ 

t 2 1 ) « 1 tK¥^Pb^ ( t 1 3 ~ t 2 1 ) <Om 4/5 © 

09 (1 0) ^^T«fc-5tc:7 r -^;tX 3 0©7tm 
Kfil*nB^*>««^1?t>. W7Jffl#VOUT2S:A7J^i 
#V I Ntr+7>(rifiCJl7^^tAiT#^). 

[0 0 6 0] ^©.fcpir. $S 2 <D^M<Om^<D^.Wu^.7h 
ifiTtt. Btf^©77"0 7 705S 2 6 tmt>:/U 
>^b^A7J#^VINSr. .«a©77-D^y7rl3 
PS 2 6 £<k 0 1 7k3FfflP B ^©if4 4/5 ©PtP.g&*iJffi LfcJ^ 
Ji^IEffijt?^-^;^ 3 OfCffiTJ-r^^t^Tr^r-S. f£ 
^>T, ?^ B 3 8 *^;^;P©ffi»S:A^< b-r-^^7.^S 

[0 0 6 1] fii l ±»C§iBJbfc«t5{C. JB1. ^2©^J£ 
©JBS8©77-Di7';'5>7 7 7lElE ! 5l3, ATJmffiVINSr^ 
Bgh7>> J X^©KHiffiJE©^S ! ^Sl7-r^ai7JL. 7 



(7) , (8) \Z5kt&Z>\Z. h7>~J*?T7 tT l 

o © h w >sg^®aEte. P#rfl t 5 - t 6 ©x-^mt. 

iT 1 0 ©y— h • HM >*mW** Cgd 
V»**S©«^ttv 3>5*>*C1, C 2 fct*>:?u > 

puf, 3>f>tfci. c 2©§MCh tma. ,a 

>7>U-C1, C2iIliAVc=Cgd/ (Cgd + G 
h) XVds(OiBE»^i;5. i&fe, VdsteFU- 

■i >s?-mjE©m£E^i:^-cfe^. 

[0 0 6 2] y-h ' Kl^>»fM*»CgdB:h? 
^T7> T10O+i-'fX*/hS<t^t> 
■5. 

[0 0 6 3] ^rZL-V^rL^aymM^M^^ <f~V' K 
L^'f >^#1C g d S/Jn$ < l/Tfc, 5r-;WU3 

o €*aK^s«-c*«* 3 <Dum<D^m<D7-ru{fny 

7 7@K^OUTBi^-r-S. »3©HJfi©^!i©77-P 
tii7J h5>^^©Hl/-f >*Bi^i 
■^-^/^©pgiClfflTjyty^zlslES?:^. m7jA«>7 

7lH]SS©ffi*mJES:-y->^' , J >^'ffl©n>-r : >-y-©«^ 

[0 0 6 4] Ell OlS, *^BJ©^3©HJS©^©T 
7-p^t«>7 7[sII^2 6 ©OSS SIT? ^ 1 ©HiE© 

BJ-T-5. ^3©*M©^©77-D^M2/^7tHlB§2 6 
tt. Myf^fT8\ T 9 ttb*VOUTi©KlCtU 

#/1y:7 7l§ll&2 3*.RW\ m*^y7rIHK2 3©m 
^jy — HN2 0ia>f>1tC 1, C2fflii,W10 
©rB^^$!l^l-H#4>2tCj;0$iJP^nsX'f yf^T 1 

[0 0 6 5] mt)rfyyT\Bld&2 3«, ffii!ECVDDi:& 
MGND©^tCN^^^;PN9>^^^T 1 3tPft 
^;Ph5>> ? 7.^T 1 4 t$^y5/a^H:Sai/. h 
7>^T1 3, Tl 4©y-h*S^t-^'f^-l < 
^bfch5>^^T 1 2£sS:W-5= b5>>> 
WT1 3©y-h^*7.-f y^S^-pTS©— 
«!U h^>i>X^T 1 4 ©y- h-SS^SrT.-f yf*? 
T9©-Sgl'^gcf -So h^^v'T.^T 1 2»J, 

[0 0 6 6] ^©^©^©J^D^'A".?^!^ 
2 6 ©Sif^^-f 5 >^*»i, 04^L,^1©IIM©^ 
M©$££R)&-e&<57>A WWfl»* 2 A»Hl"<;utfc 
^x-^^7.3temfl8na (t 5~t6) ^s^t 
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8, T9, ti lio^TPWy^^-Trsfcs&ii-r 

-5. ftoT, m*;ly7 7HIES2-3^^ltTt ) , tb^m 
JBEVOUT5417.-T y 1 5 S^LTD >x>-y-C 1 . 
C2K7-f-Wyi'3ft40T. ffl*«EVOUTfc 

[0 0 6 7] * 1 ©HBttOJBIBrCttv >7>$>**T . 

7, t i otiiac i o pFfc&s^r— ^Ax&mcd^ii: 
^fcmbfti7ntf&e>&v^ ^^©s^Tte. o. 

1 pFg^©ffi*Ay7rl2]SS2 3©A7J#J:;t*tt£:35 

mrn««fcvi„ d©feje>h7>v 5 7.^T7, norot 

-fX*/h^<bTy-h • l«K>«tICgdS: 
/jN$<b, y-h- HU-f >iS^r^SCgddtn>7 i 
>itCl, C2©^mflE^#^.-5i^SSr/h^<-r-5C: 

[0 0 6 8] #tc, tti«*«*ft:*«lI*ga:J64 0j*aii© 
^©77-D^My7 7lUES©[ElE§0S:01 1K3T. 
^4©^J6©^©77-D^y 7 7 ESS 2 6 te, El 

Ayy?\BlB&2 3©«JEiHVDD2S^Sll&m'Ca:GND 
2£, ^©mJEllSVDD lSl^SitttGND 1 
£>•££*>©■?£ -5. 

[0 0 6 9].mH mEEiUVDD 1 = 2 0V> GND 
1 =0V©^-&{cmfiEi®VDD 2= 1 7 V~l 6V. G 
ND 2 = 3 V~4 V 5. Jine, 1 5V~5V©« 

7>^T7, T 1 0 ©iaHSSJEte 3 V31&&-3© 
T, mEEjfSVDD 1 <tGND 1 ©K©mJEia/hS<T# 
ffi7j/ty:7 7E8&2 3teSBEiSiVDD2<i:GN 
D 2 ©Pel ©mflETKSST £ 3 A>£ T? $> 2> . 
[0 0 7 0] ^*J6©^5gC«kn«, "r-frfxg-mc 

d ^m-r-57ts6t'Sfem* ta^M v ? r 0 

PS2 3 ©HBSimBE^ ^-^;tX3 0©fES4tri^S^S 
/MR©«JEKTtf * Jl 7tD^y77 ESS 
.2 6ffliSlASfiT^§-t^t5. 

[0071] t ia^iawtts/^^^fiAfcSpi 

>^*i4^Srfr5 CltAJTirS^ 5 ©^M©J^S8©7t-D 
y 7 7 BBS 2 6 ©0BS0 
[0 0 7 2] 01 2K^-r$S5©|l|M©®&©77-D;y 
;^->7 7lsIPS2 6«. 01 1 \Z5i-t&4(D$m<Dmi&t 
RJ*0«J«K*fc»T. y — HN 1 0 tftffiGND 1 ©Pel 
tcffiiia>-r>-y-C3^lSt7fcfe©"efe-5. ^©ffilin 

u->^u >^«cffia-r-5. *^io^iTii. i^> 

ic^^fc^ifc. «il&r]>x>tJ-C 3»CA^mffiV I N 
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[0 0 7 3] 0 1311 Sg5©HM©J£Sg©7^D^Vt 
-/7 7®ES2 6©^^3>^'01!*^..01 3 (l)-75 
5 (6) tt. 0 4f^L,^l©*J6©^Sg©*-&tR 
itT^^Ai, I4©Sffi0fiTIJ, 013 (7) 

i tetttbn >^>-y-c 3 $:5tem-r-5 i **>^u >^i- 
te/ssn. wpf**3tta>f>*ci. c2S3tem 

[0 0 7 4] ST. El 3 (4) KjS"r*!WMB-*4» 1 ** 
Hl^;UD$F<3 ( t 3 3~ t 3 4) S*&fl*§-S I N 

© i ^-y->^u >$rfcfrv*iiitt=i >^>-y-c 3 £3fcmr 

tWif $ 3BH l"<;V*«lj$t50T (t 3 4~t 

35) , 3>f>-s-ci, c 2«:^5mr^2^-y->yj 

^'J ytn&TR ( t 3 3~ t 3 4) *iSViJg^»Ct>x n> 
r>1fCK C 2 KATJ^HI-V I N2rS5*t*fC^5m-r-5 

[0 0 7 5] 

>5>7. ^ ©1M" XS:/hS < T Z> £ 
[0 0 7 6] tB*h5>>'^^«^S©7 : -iS' 

[0 0 7 7] IK, %.%.B8<D7j-n{frfy7 7iBite : £iM 
jS/'WW©;*^©^— SrS53* & < 3temt- 

[0®©f(S#^SiW] 

[0i] *%w<D7±u>frty7 7&fev>w.mmnm-z 



^# M 2000-194323 
16 

[02] *38W©*l©*it©»J607^D^y7> 
|5]P8©|5]gS0T&£. 

[03] *igBj©m i ©*m©^©?ss*^ss©^ 

[04] $.&w<Dmi(DmMcomm<D7i-a{ftfy77 
m&of-i 5 >^0t?&*. . . . . ... ... 

[05] *&W<D&l<D$m<Dmm<D71:P?rty7 7 
@K o1B»Ht©RW 0 T? & 3 . 

[06] #5£Bj?©?gl ©*Jfi©J^lg©7^-D^;^y7T 
[elgS©-y->yU >y©iftBJ0Tfe^). 

[0 7 ] *5£W<Dm l ©*S6©^©7'^-d 7 r 
@Kot- ^AX5tem©lftBJ0"cab^). 

[0 8 ] *5mv>n 2 <Dm&<omm<D&g l &Bmvt<Dm 

J&0T&£„ 

[09] *&w<o% i ©*it©»SB©i*iHtes»it©$' 

-f 5>^0-U$.^. 
[010] *%BJ©^3©*iS©^©7^-D^;1y7 

rlUES©[HieS0Ta&^ o 

[011] *5S?q©^4©^M©^©7^-D^Ay7 
7ii]es©[HiE§0T?i&-g)o 

[01 2] *%BjcDm5©^6S©^©7^-P^Ay7 
7 [e]ES©|5lE&0-eJb.-5. 

[013] *58W©*5©3tete©»ffiet>7^-n^y7 

ymfecof-i 5 >i7*0T*^>. 
[014] «e*©?*s^^s©«t^0-r&a. 
[0 1 5] fl£*©r^n^7V>:7rls]8&©|5]&0T& 

[016] t*07tD^;t5/ 7 7lsIS&©»)f£ESi9I0"e 

[»^©RW] 
2 0 AA«? 
2 1 ffi*«ff 
2 3 &jirty7 7®& 

2 5 a^m^m. 

2 6 T^n^Vty^rBeS 

3 5 f-^ •->7M/>'X^ 
3 6 y-h-->7hl/-^ 
3 2 Z'fyf*? 

3 3 m&±)l< . . 
3 4 
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